Introduction
This paper focuses on an analysis of the results of long-term monitoring and assessment of concentrations of radionuclides in the hydrosphere in the vicinity of the nuclear power plant at temelín. This nuclear power plant discharges waste water that contains radioactive substances, of which tritium is the most important. The waste water also includes other radionuclides, which originate mainly from local surface water used to cool the reactor in the plant along with minor quantities that originate from the standard operation of the plant. The radionuclides that could have originated from the power plant include mainly tritium, as the amounts of fission products, such as radiocaesium and radiostrontium, released during routine operation are very low. average annual amount of 137 cs and 90 sr released from the temelín plant in the period 2002-2010 was 0.057 gBq y −1 and 0.001 mBq y −1 , respectively (hanslík 2000-2011) . The radionuclides of artificial origin were detected in the environment in the vicinity of the temelín plant before it started operating in 2001 and attributed to radionuclide contamination of the environment that resulted from tests of nuclear weapons in the atmosphere in the fifties and sixties in the 20th century and the accident at chernobyl in 1986. caesium 134 and 137 ( 134 cs, 137 cs) and strontium 90 ( 90 sr) are radioecologically important radionuclides, which remain in the environment for a long time because they have long half-lives (2.1, 30.2 and 28.8 y). in previous research projects it was mainly the concentration of 137 cs that was measured because the concentrations of this radionuclide can be determined using gammaspectrometric analysis, which requires special equipment, but its determination is less time consuming than the radiochemical determination of beta emitters such as 90 sr. This accounts for the little data and knowledge of the concentrations of 90 sr compared to other radionuclides in the czech republic and elsewhere (outola et al. 2009 ).
construction and operation of the temelín plant initiated the implementation of a number of projects, which focused on the possible effects of this power plant on the environment. This resulted in the collection of data, which currently spans a period of 20 years. The first two projects (hanslík 1995; hanslík 1998) were sponsored by the czech ministry of the environment and their main objectives were to determine the pre-operational environmental conditions (a reference level) in terms of concentrations of radioactive and non-radioactive substances present in the environment, particularly in the hydrosphere, and predict possible effects of the future operation of the temelín power plant. This monitoring and research continued during the period 1999-2010 within the framework of a project sponsored by the czech power company (hanslík 2000-2011) and one on the research and protection of the hydrosphere -research on the relationships and processes in the water component of the environment, which focused on effects of human pressure, the sustainable use and protection of the hydrosphere and legislative tools (mZp 0002071101 sponsored by the czech ministry of the environment). The main objectives of these projects were to assess the effects of the waste water discharged from the temelín power plant on the concentration of tritium, radiocaesium and radiostrontium in the hydrosphere, compare these effects with the residual contamination from the tests of nuclear weapons in the atmosphere and the cher- Changes in the concentrations of radiocaesium and radiostrontium in the Vltava river basin 7 nobyl accident in the last century and evaluate the longterm spatial and temporal trends in the concentrations of these radionuclides monitored at sites not affected and affected by the outflow of waste water from the temelín power plant. This paper reviews and summarizes the main results of these projects in terms of radiocaesium and radiostrontium. The results on tritium were previously published by ivanovová and hanslík (2010).
Methods
The changes in the concentrations of radiocaesium and radiostrontium were monitored in the tributaries of the orlík reservoir, the vltava, lužnice and otava rivers, which are located upstream from the waste water outflow from the temelín power plant and represent the reference conditions ("reference sampling sites"), and in the vltava river downstream from the outflow of waste water from the power plant ("affected sampling sites"). The monitoring involved determining concentrations in surface water, bottom sediments, fish and water plants (Fig. 1) . The monitoring of the concentrations in the surface water and sediments was started in 1990, fish during the period 1986-1990, in 1994 and annually since 1998, and aquatic plants in the period 1996-2010.
The collection and processing of the samples follow those specified in Čsn en 25667-1 (1994) and 2 (1994) standards and Čsn en iso 5667-3 (1996), 4 (1994) and 6 (1994) . Quality control practices of the t.g.m Wri radioecological laboratory were followed as specified in the standard Čsn en iso/iec 17025 (2001; 2005) . This laboratory is responsible for the national and international proficiency testing.
Four separate large samples of water (50 l) were collected each year. These samples were immediately stabilized with nitric acid to ph 1 and then, after transportation to the laboratory, dried by vaporization. The vaporized samples were ignited (350 °c) and enclosed into petri dishes. The radionuclides concentrations in water were determined in total solids (both in dissolved and suspended solids). samples of water (1 l) for determining total suspended solids (tss) were collected with the same frequency. samples of sediment were collected by a diver from the top layer (0-10 cm) of the sediment at the bottom at six sites in tributaries of the vltava river and orlík reservoir. The frequency of sampling was once a year. granularity of the samples was generally less than 2 mm. For the analysis, the samples were dried at 105 °c and hermetically sealed in measuring containers. samples of fish and water plants were also collected annually. These samples were dried at 105 °c and hermetically sealed in measuring containers.
The 134 cs and 137 cs concentrations were analyzed following the standard Čsn iso 10 703 procedure (1999; 2008) using gamma-spectrometry. a canberra device was used. The measurement duration was set to the requested minimum detectable activity (mDa) of 137 cs and level of significance of α = β = 0.05. The mDa of 137 cs in water counted over a period of 2 days was 0.5 mBq l −1 . in the sediments, the mDa of 137 cs counted over a period of 8 h was approximately 0.5 Bq kg −1 . The results recorded for 137 cs activity in fish (dried samples) were converted to activity in terms of wet weight. The mDa of 137 cs in fish (wet weight) counted over a period of 2 days was 0.1 Bq kg −1 . 90 sr in water was determined by using a standard method after radiochemical separation (hanslík 1993). its activity was detected in the residue left after ignition and detected using yttrium 90 after radiochemical separation. value of mDa of 90 sr was 3 lmBq l −1 . These methods were verified and recommended by the international atomic energy agency (iaea 1996) in vienna as part of the technical assistance agreement with the ministry of the environment of the cr and the state office for nuclear safety.
The data on the concentrations of radionuclides in water, sediments and biomass were assessed using several mathematical methods, which are briefly described below.
The effective ecological half-lives were determined using the decrease in the activity of a radionuclide and the equation published by smith and Beresford (2005): (1) where T eff is effective ecological half-life (y) and λ eff is effective ecological decay constant of the radionuclide activity concentration (y −1 ). ecological half-lives were calculated by using the equation proposed by smith and Beresford (2005): (2) where T ecol is ecological half-life (y) and T p is physical half-life (y).
For trend analyses a kinetic equation of the first order of the following form was used (an example for 137 cs):
where c 137cs,j is annual average concentration of 137 cs in surface water (Bq m −3 ) in year j, λ eff is effective rate of decline in concentration of 137 cs (y −1 ), involving the physical decay constant (λ p ) and ecological rate of decrease (λ ecol ), λ eff = λ p + λ ecol (y −1 ), t is incidence of the monitoring measured in years, and q is natural logarithm of activity at the beginning of the observation.
The ecological and effective ecological half-lives were calculated for a confidence level of 68% using the era 3.0 program.
The annual depositions of suspended solids in a reservoir were calculated using the following equation: (4) where D S,j is deposition of suspended solids in a reservoir in individual years (j) (t y −1 ), c S,j,t is mean annual concentration of suspended solids (j) in individual tributaries (t) (kg m −3 ), c S,j,ia is mean annual concentration of suspended solids (j) in the inflow from inter-basin area (ia) (kg m −3 ), c S,j,o is mean annual concentration of suspended solids (j) in the outflow from a reservoir (kg m −3 ), Q j,t is mean annual inflow (j) from individual tributaries (t) (m 3 s −1 ), Q j,ia is mean annual inflow (j) from the inter-basin area (m 3 s −1 ), and Q j,o is mean annual outflow (j) from a reservoir (m 3 s −1 ).
The deposition of suspended solids was also calculated for individual years using the following formula and expressed in percentages: (5) where D S,j is the deposition of suspended solids in a reservoir in individual years (j) (%).
similarly, based on the results of monitoring the 137 cs activity in all substances in water (dissolved as well as undissolved solids), the deposition of 137 cs can be determined using the formula: (6) where D A,137Cs,j is the deposition of 137 cs in individual years (j) (gBq y −1 ), c 137Cs,j,t is mean annual activity of 137 cs (j) in individual tributaries (t) of a reservoir (Bq m −3 ), c 137Cs,j,ia is mean annual activity of 137 cs (j) the inflow from inter-basin area (ia) (Bq m −3 ), c 137Cs,j,o is mean annual activity of 137 cs (j) in the outflow from a reservoir in Bq m −3 . concentration factors (CF) for fish samples were calculated using the equation recommended by smith and Beresford (2005): (7) where is annual weighted average concentration of 137 cs in fish (wet weight) (Bq kg −1 ), and is annual average concentration of 137 cs in water in tributaries of orlík reservoir (Bq l −1 ).
The concentration factors were calculated for a confidence level of 68% as standard deviations.
results and discussion concentrations of 137 cs and 90 sr in water temporal changes in the concentrations of 137 cs in water samples collected from orlík reservoir and its tributaries in two periods, 1990-1994 and 1995-2010 , were determined. The effective ecological half-lives (T eff ) in water in individual tributaries and the outflow from orlík reservoir (table 1) were in the range of 1.1-2.2 y for the period 1990-1994 and 6.2-10.9 y for the period 1995-2010. The ecological half-lives (T ecol ) were in the range 1.2-2.4 y for the period 1990-1994 and 5.1-8.0 y for the period 1995-2010. The results of these studies showed that the decrease in the concentrations of 137 cs, which was observed before the power plant began operating, continued also during the subsequent period. an example is shown in Fig. 2 for the vltava river at hněvkovice (a reference sampling site, source of technological water) and solenice (downstream from the temelín waste water outflow). in 2010, the average activity of 137 cs at hněvkovice was 0.5 mBq l −1 and at solenice 0.3 mBq l −1 .
The results of these studies carried out in the vicinity of the temelín plant are in agreement with those of similar studies on changes in water contamination after the chernobyl accident. For example, Zibold et al. (2001) recorded a fast decrease in the concentration of 137 cs in the period 1986-1988 and a second slower decrease Table 1 the evaluated effective ecological half-lives and ecological half-lives of 137 cs in water in the tributaries and outflow of the orlík reservoir in the periods 1990 -1994 and 1995 -2010 . Period 1990 -1994 1995 -2010 tributaries of orlík reservoir
vltava river at Hněvkovice 1.5 ± 0.9 1.6 ± 1.0 6.7 ± 1.8 8.5 ± 2.9 lužnice river at Koloděje 2.2 ± 1.6 2.4 ± 2.0 10.9 ± 4.9 17.0 ± 12.0 otava river at topělec 1.5 ± 1.1 1.5 ± 1.3 6.3 ± 2.1 8.0 ± 3.3 the outflow from orlík reservoir (the vltava river at solenice) 1.5 ± 0.6 1.5 ± 0.7 6.2 ± 1.7 7.8 ± 2.7
in 1989-2000. similarly, the rate of decline in the concentration of 137 cs in the pripyat river has decreased in recent years (smith and Beresford 2005). The effective ecological half-lives of 1.2 years (dissolved phase) and 1.7 y (particulate phase) in the period 1987-1991 increased to 3.4 y (dissolved phase) and 11.2 y (particulate phase) in the period 1995-1998. This increase in T eff was also recorded in Belarus, ukraine and Finland (smith and Beresford 2005) . temporal changes in the concentrations of 90 sr in water samples collected from orlík reservoir and its tributaries were recorded for the period 1993-2010. The effective ecological half-lives (T eff ) in the water from individual tributaries and outflow from orlík reservoir (table 2) were in the range 7.9-12.8 y and the ecological half-lives (T ecol ) in the range 10.8-22.9 y. an example is shown in Fig. 3 for the vltava river at hněvkovice and solenice. in 2010, the average activity of 90 sr at hněv-kovice was 2.9 mBq l −1 and at solenice 2.3 mBq l −1 . The anthropogenic radionuclides 137 cs and 90 sr in the hydrosphere downstream from where waste water is discharged from the temelín power plant originated mainly from the residual contamination from tests of nuclear weapons in the atmosphere and the chernobyl accident. The activity of these radionuclides is decreasing and currently the concentrations in surface water are near their detection limits.
over the period of this study the concentrations of 137 cs and 90 sr in the tributaries of orlík reservoir were similar to that recorded in other european countries that were affected by radioactive fallout from the chernobyl accident. For example, in Finland and the concentrations of 137 cs recorded in lago maggiore and its tributaries in italy (putarskaya et al. 2009 ). The difference in the decline in the concentration of 137 cs and 90 sr is reported for a number of european rivers. concentrations of 137 cs in the global fallout from the chernobyl accident after the tests of nuclear weapons in the atmosphere greatly exceeded those of 90 sr. The activities of both radionuclides rapidly declined in the initial period and this trend continued for 137 cs but the rate of decline in the activity of 90 sr has decreased. This is reflected in lengthening of its effective ecological half-life (smith et al. 2000a) . however, the activities of these radionuclides continued to decrease at all the river sites we studied after the temelín power plant became operational (since 2001).
concentrations of radiocaesium and radiostrontium in sediments
The concentrations of 137 cs, 134 cs and 90 sr in the sediments were recorded. over the whole period, the mean concentration of 137 cs in sediments was 73.6 Bq kg −1 and in 2001-2010, it was 33.6 Bq kg −1 . For the whole of the czech republic, the mean 137 cs concentration in the period 2001-2010 was 12.9 Bq kg −1 (tgm Wri 2011), which indicates that the sediments in orlík reservoir and its tributaries were highly contaminated with 137 cs compared with the rest of the czech republic. mean concentration of 90 sr in the period (1993-2010) of 1.8 Bq kg −1 was substantially below that of 137 cs.
The activities of these radionuclides are decreasing in time (Fig. 4) . The rates of decline are similar for reference sampling sites and affected river sites and therefore the trends in the decline were evaluated for average annual 
Period

1995-2010
tributaries of orlík reservoir T eff (y) T ecol (y) vltava river at Hněvkovice 12.8 ± 5.9 22.9 ± 10.6 lužnice river at Koloděje 7.9 ± 2.7 10.8 ± 3.7 otava river at topělec 9.4 ± 3.3 14.0 ± 4.9 the outflow from orlík reservoir (the vltava river at solenice) 9.2 ± 3.5 13.5 ±5.1 Fig. 4 The results of the analysis of sediments showed that the residual contamination from the tests of nuclear weapons in the atmosphere and the chernobyl accident in the last century is greater than that originating from the waste water from the temelín power plant. apart from 134 cs, 90 sr and 137 cs, the results of the monitoring did not indicate that the sediments were contaminated with any other activation and fission products detectable using gamma-spectrometric analysis or 90 sr determination.
Depositions in Orlík reservoir
Data on river flows and concentrations of suspended solids, 90 sr and 137 cs were used to assess possible effects of the reservoir on the substances monitored.
annual mean concentrations of suspended solids in samples from orlík reservoir and its tributaries were used together with annual mean flows for determining the relationship between the deposition of suspended solids in orlík reservoir and annual mean flow (Fig. 5) . subsequently, this revealed that the annual deposition of suspended solids ranged between 71-95% (with an average value of 85.7%) of the inflow of suspended solids. in terms of mass, the annual mean deposition is 28,800 tons. The deposition of suspended matter in orlík reservoir expressed in percentages did not show any time dependence.
The annual deposition of 137 cs was between 36% and 76% (1.0-19.2 gBq r −1 ) and averaged 60.4%. The annual deposition of suspended solids (ss) and 137 cs is presented in Fig. 6 . The annual deposition of 137 cs decreased over time (Fig. 7) to a half-life of 5.9 years in the period 1990-2010. The temporal trend in the decrease is similar to that recorded in 137 cs activity in water and bottom sediments in the study area. The mean percentage 137 cs deposition was lower than that of suspended solids. This indicates that a part of the 137 cs is dissolved in water and the deposited component is associated with solid particles. This assumption accords with the high distribution coefficients for 137 cs (kd) reported for lake constance and the river rhine, which are in the range 4.6 • 10 4 -2.7 • 10 6 l kg −1 (smith and Beresford 2005). The decrease in the deposition of 137 cs in the orlík reservoir with an effective ecological half-life of 5.9 years accords with its half-life of 6.5 years based on the decrease in annual mean activity of 137 cs in bottom sediments sampled from the reservoir and its tributaries during the period 1990-2010.
The analysis of 90 sr concentrations showed that the outflow from the reservoir exceeds that of the inflow from the tributaries and the inter-basin area. The percentage outflow of 90 sr was in the range −37.8% to 72.1%, with an average value of 19.6%. The outflow of 90 sr from the reservoir corresponds with the higher mobility and lower values of its kd (750-1800 l kg −1 ) recorded for the area surrounding the chernobyl nuclear power plant (smith and Beresford 2005) . similar accumulations of 137 cs are reported for the cascade of reservoirs constructed on the Dnepr river (internet) and lago di lugano and lago di maggiore in switzerland and italy. The concentrations of 137 cs in the upper lake (lago di lugano) exceed those in the lower lake (lago di maggiore) by one or two orders of magnitude (putyrskaya et al. 2009 ). accumulation of 90 sr in reservoirs was not substantiated (iaea 2005). During some periods, the 90 sr concentrations in reservoirs can even remobilize and discharge from a reservoir, which is supported by the results for orlík reservoir, for which the mean ratio between the inflow and outflow of 90 sr was 0.90. outflows of 137 cs and 90 sr were assessed in relation to their concentrations in individual basins after the chernobyl accident and tests of nuclear weapons in the atmosphere. During the period 1990-2010, the annual outflow of 137 cs from individual basins did not exceed 0.01% of the total activity accumulated in the basin. at the end of this period, the annual outflows in the tributaries of orlík reservoir and of the outflow from the reservoir were in the range 0.002% to 0.005%. similarly, erlinger et al. (2009) report that in 2005 the outflows from small basins in the austrian alps ranged between 0.0008% and 0.0031% with an average of 0.002%. For the whole basin of the vltava, lužnice and otava rivers upstream from the vltava river at solenice, the total outflow of 137 cs in the period 1986-2010 was 0.5% of the 137 cs activity accumulated in the basin, which confirms that the outflow of 137 cs contributes little to the total reduction in 137 cs in this basin. Changes in the concentrations of radiocaesium and radiostrontium in the Vltava river basin 13
The contribution of the outflow of 90 sr to its total reduction in the basin exceeds that of 137 cs by approximately one order of magnitude. During the period 1986-2010, the outflow of 90 sr represented 3.3% of that present in the basin of the vltava river at solenice. This is similar to the results reported by saxén and ilus (2001), who conclude that the contribution of the outflow of 90 sr exceeds that for 137 cs because immobilization of 90 sr in sediments is much less than the fixation of 137 cs.
bioaccumulation
The monitoring of aquatic plants and fish focused on determining the concentrations of 137 cs and 90 sr. The concentrations of 137 cs in fish (in terms of fresh weight) were assessed for the periods 1986-1990 and 1994-2010 . Between the two periods, the 137 cs concentrations decreased from 2.0-51.4 Bq kg −1 (1986) (1987) (1988) (1989) (1990) to 0.08-2.00 Bq kg −1 (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) . as there was less data available on the concentrations of 90 sr in fish the value was assessed for the whole period 1990-2010, for which the mean concentration was 0.8 Bq kg −1 . The results of the monitoring and assessment of the 137 cs and 90 sr concentrations in fish are presented in Fig. 8 . The concentrations in the czech republic are substantially below those in areas affected by the first radioactive cloud. in the most affected areas in the vicinity of chernobyl, these activities shortly after the accident were at levels of hundreds of kBq kg −1 and in the early nineties were still at levels of tens of kBq kg −1 . activities of several Bq kg −1 in this period were also reported from switzerland, england and germany (smith et al. 2000b) .
relatively rare information on 90 sr concentrations in fish include those of outola et al. (2009) , who report that in the period 1978-1997 the concentrations in the river species they analyzed were in the range of 10-17 Bq kg −1 , which exceeds the 90 sr concentrations in fish from orlík reservoir by approximately one order of magnitude. The concentration levels of 90 sr were however smaller by several orders of magnitude compared to those for 137 cs. most of the 90 sr is in bones and thus it is less dangerous than 137 cs in terms of radioactive doses originating from the food chain (outola et al. 2009 ).
in accord with the results for surface water, the concentrations of 137 cs and 90 sr in fish also decreased over time. evaluated effective ecological half-life (T eff ) of 137 cs was 1.0 y for the period 1986-1990 and 4.5 y for the period 1994-2010 and that of the ecological half-lives (T ecol ) 1.1 y and 5.4 y, respectively. similar results are reported by Franić and marović (2007) The results of monitoring the 137 cs and 90 sr in surface water and fish (fresh weight) were used to determine 1986-1990, 1994-2010 (a137cs) and 1990-2010 (a90sr) . the concentration factors CF 137cs and CF 90sr . outola et al. (2009) conclude that the concentration factor can be calculated when conditions have stabilized, which occurs 8 to 10 years after an accident. For orlík reservoir, the CF 137cs values calculated for the period 1986-1990 did not differ significantly from those for the period after 1994 and therefore the mean CF 137cs was calculated using all the values. The resulting value was 309 l kg −1 . The mean CF 137cs value specified in iaea (2010) concentrations of 137 cs were monitored in several species of aquatic plants (dried material). The results substantiated the assumption that the highest concentrations of 137 cs occur in aquatic mosses (21.8 Bq kg −1 in 1996) and algae (17.9 Bq kg −1 in 1996). a comparison of the results for sites unaffected and affected by the outflow from the temelín power plant was complicated because different species of plants grew at the individual sites with exception of reeds. since 2006, the monitoring was confined to reeds, which were also used for the assessment. The results indicate that the concentrations of 137 cs in reeds decreased with the effective ecological half-life 13.5 years. The decrease occurred at both the unaffected and affected river sites and continued after the temelín power plant became operational. The 90 sr concentration in reeds ranged between 0.5 and 6.1 Bq kg −1 (in dry matter) and this concentration decreased with an effective ecological half-life of 6.9 years. a summary of the effective ecological half-lives and ecological half-lives of 134 cs, 137 cs, and 90 sr and the concentration factors for individual components of the hydrosphere is presented in table 3. The periods of time over which the assessments were made are given in detail in the above text.
conclusions
The results of the systematic monitoring of possible effects of the temelín power plant on the hydrosphere show that the waste water discharges meet the limits specified in the permit on water management (Decision of regional authority -permit on Water management 2007) and the resolution of the czech government no. 229/2007 coll. concentrations of anthropogenic radionuclides in the hydrosphere downstream from the waste water outflow from the temelín power plant are mainly due to the residual contamination from global fallout and the chernobyl accident. apart from tritium, the effects of the temelín power plant on the concentration of activation and fission products in the hydrosphere were negligible.
For two periods of time, 1990-1994 and 1995-2010 , the concentrations of 137 cs in surface water and fish, and for one period, 1990-2010, in sediments and in 1996-2010 , in aquatic plants. its effective ecological halflife in water in individual tributaries and the outflow from orlík reservoir were in the range 1.1-2.2 years for 1990-1994 and 6.2-10.9 years for 1995-2010. These results indicate that in the first period, which is shortly after the accident at chernobyl, the concentrations of 137 cs were rapidly decreasing and continued to decline but at a slower rate in the second period (after 1995). its effective ecological half-life in fish was 1.0 y for the period 1986-1990 and 4.5 years for the period 1994-2010. concentrations of 137 cs in water and fish decreased at approximately the same rate. temporal changes in the concentrations of 134 cs and 137 cs in sediments were recorded for the periods 1990-1998 and 1990-2010 . The monitoring of 134 cs stopped in 1998 because in that year all the values were below the mDa. The effective half-life was 1.6 y for 134 cs in the period 1990-1998 and 6.5 y for 137 cs in 1990-2010. The values for the concentration of 137 cs in reeds revealed that it was decreasing with an effective ecological half-life of 13.5 years. This decrease was recorded in both unaffected and affected rivers and continued even after the temelín power plant became operational. temporal changes in the concentrations of 90 sr in water collected from orlík reservoir and its tributaries were recorded for the period 1993-2010. The effective ecological half-life in water in individual tributaries and the outflow from orlík reservoir were in the range 7.9-12.8 y. temporal changes in the concentrations of 90 sr in sediments were recorded for the period 1993-2010. The effective ecological half-life was 26.2 y. The concentration of 90 sr in reeds decreased over this period and its effective ecological half-life was 6.9 years.
The differences in the effective half-lives recorded at the different sites are due to differences in the conditions at these sites. They can differ from each other, for example, in flow velocity, concentration of suspended solids or quality of the sediments.
Data on river flow and concentrations of suspended solids were used to assess possible effects of the reservoir on the monitoring of 90 sr and 137 cs. The annual deposition of suspended solids ranged between 71-95% (with an average value of 85.7%) of that in the inflow. The annual deposition of 137 cs was between 36% and 76% with an average value of 60.4%. The annual deposition of 137 cs decreased over time and its half-life in the period 1990-2010 was 5.9 years. The analysis of the concentrations of 90 sr revealed that there was more in the outflow from the reservoir than in the inflow from the tributaries and inter-basin area. The percentage outflow of 90 sr was in the range −37% to 72% with an average of 20%.
During the period 1990-2010, the concentration factor for 137 cs in fish was on average 309 l k −1 g.
The concentrations of 137 cs and 90 sr in the surface water, river bottom sediments, fish and aquatic flora collected from the vicinity of the temelín power plant decreased over the period of this study, even in the samples collected downstream from the waste water outflow from the temelín power plant. hanslík e (2006) assessment of surface and groundwater quality in connection with construction and operation of temelín nuclear power plant on surrounding environment, research report, t. g. masaryk Water research institute, prague, (in czech). hanslík e (2007) assessment of surface and groundwater quality in connection with construction and operation of temelín nuclear power plant on surrounding environment, research report, t. g. masaryk Water research institute, prague, (in czech). hanslík e (2008) assessment of surface and groundwater quality in connection with construction and operation of temelín nuclear power plant on surrounding environment, research report, t. g. masaryk Water research institute, prague, (in czech). hanslík e (2009) assessment of surface and groundwater quality in connection with construction and operation of temelín nuclear power plant on surrounding environment, research report, t. g. masaryk Water research institute, prague, (in czech). hanslík e (2010) assessment of surface and groundwater quality in connection with construction and operation of temelín nuclear power plant on surrounding environment, research report, t. g. masaryk Water research institute, prague, (in czech). hanslík e (2011) assessment of surface and groundwater quality in connection with construction and operation of temelín nuclear power plant on surrounding environment, research report, t. g. masaryk Water research institute, prague, (in czech). iaea (1996) evaluation of water resources monitoring, report on assessment of analytical methods for radioactivity monitoring, ru-6172 (cZr/8/002), vienna. iaea (2005) environmental consequences of the chernobyl accident and their remediation: twenty years of experience report of the un chernobyl Forum expert group "environment" (ege). http://www-ns.iaea.org/downloads/rw/meetings/environ -consequences-report-wm-08.05.pdf, accessed 29 april 2010.
